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I argue that flavor democracy should not be considered as a "mere" assumption, but rather a 
fact that is inherent where there is hierarchy of quark masses. Briefly the crux of the argument 
is the ambiguity of defining a basis when one introduces a mass matrix. That is there is a degree 
of freedom of also defining a basis other than the weak eigenbasis with respect to which one can 
write down mass matrices. Since the ultimate aim is to diagonalize to the mass eigenbasis this is 
physically equivalent. But not necessarily so for the human eye. 
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INTRODUCTION 

The physics of flavor is difficult. There are many open 
questions and the general hope is that the upcoming ex- 
periments might shed some light onto this now-obscure 
part of particle physics. The major issue is to undesr- 
stand the Cabibbo-Kobayashi-Maskawa mixing matrix 
(CKM) of quarks in the charged weak current as well 
as the hierarchy in the quark masses. While the two 
are obviously related the efforts to find quark mass ma- 
trices and the resulting CKM is beset with difficulties 
mainly because the problem is infact infested with many- 
to-one relations. One reason (albeit rather overlooked) 
for this is the fact that one can define another physically 
equivalent mass matrix, by unitary transformations of 
the quark fields, that might look like anything but the 
original one. The possibilities are not only these: one 
could also write down mass matrices in a basis where 
there is an ad-hoc CKM (not obviously the final physical 
one). These considerations clearly do not contain new 
physics but aim at somewhat simplifying a problem that 
is already rather difficult. Sticking to the weak eigenbasis 
to write down mass matrices might actually be helping 
the problem remain difficult. The idea here is similar to 
Legendre of Fourrier transformations of differential equa- 
tions: although the physics remain the same the problem 
"look" simpler when transformed. In this short letter I 
will try to demonstrate that there are certain priviledged 
basises on which the problem of quark mass matrices and 
the CKM look simpler. 



THE ARGUMENT 

Consider the "physical" charged electroweak and mass 
lagrangian: 



its elements have equal norm 



W^Uy^l -7 6 ) K D + UMy 9 U + DM% ag D . (1) 

Here K is the physical CKM and the diagonal quark 
mass matrices contain the physical quark masses. Now 
let us remember that there is a 5(7(3) matrix such that 
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This matrix is defined modulo permutations of its 
rows (columns) and it can be sandwiched between two 
different diagonal SU (3) matrices which would introduce 
4 arbitrary phases. 

Now consider rotating the quark fields by matrices sim- 
ilar to the one above. Unless there are magical cancel- 
lations the largest (up-down) quark mass will infest the 
resulting (up-down) mass matrices. Also for the CKM 
the hierarchy will disappear. This transformation conse- 
quently will switch to a basis in which the mass matrices 
are somewhat (as far as the norms are concerned) demo- 
cratic and an ad-hoc CKM that with hierarchy smeared. 
It then follows that "flavor" democracy is not a "mere" 
assumption: it does exist to some extend in some basis 
given there is a large hierarchy of quark masses. The 
physical meaning of this internediate basis may be non- 
existent. Since the ultimate aim is to go to the mass 
eigenbasis, it is to be considered as a do-nothing-but-for- 
something. 

This point of view has the following advantage, since in 
the democratic basis only the largest quark masses will 
dominate the mass matrices the only parameters that 
would remain if not to be considered a "perturbation" 
are the phases of the quark mass matrices. There are 
four phases in a norm-democratic mass matrix in one 
(up-down) sector. One is coming from the Nuyts' theo- 
rem (J. Nuyts, Phys. Rev. Lett. 26, 1604, (1971).), that 
is the non-hermitean part is a multiple of identity (this 
is true for the full mass matrix with up and down quarks 
combined) and the other three are coming from the her- 
mitean part of which two (separately for up and down 
sectors) may be transformed away by the definition am- 
biguity (four phases) of the ad-hoc CKM. Thus the final 
form of a mass matrix in the democratic basis (ignorig 
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norm perturbations) is 
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(3) 



The location of \ is arbitrary and introduces a discrete 
definition ambiguity. Also although we know that exper- 
imentally ArgDet(M) < 10~ 10 we keep the Nuyts' phase 
here nevertheless for completeness. 



THE CHOICES FOR THE AD-HOC CKM 

The crucial matter is then to pick an ad-hoc CKM in 
the democratic basis. It is clear that the matrix in Eq[3 
is not ultimately a choice because we argued about ro- 
tating the original CKM with it in the first place to go 
to the democratic basis. But our aim can seldom be to 
recover the "original" CKM via this route. This is im- 
possible. The idea is to find a CKM via this method that 
would serve as a solution around which mass ratio effects 
will be considered a perturbation. What is interesting is 
that this solution might have physical relevance for flavor 
physics. 

Within the idea of democracy the choices for the ad- 
hoc CKM are not limited to the Kd defined in Eq|2| since 
unitraity tends to frustrate democracy. But we can still 
do as much as we can. For example let us consider the 
following ad-hoc CKM 
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This matrix is absolutely out of hierarchy thus I con- 
sider it to be democratic. Accidentally this matrix com- 
mutes with the democratic mass matrix of if \ an d 
<j> are taken to be zero. Thus the "would-be physical" 
CKM of this toy model is the unit matrix. This example 
demonstrates that the phases x can be used to explore 
the less (wrt to a unit matrix) hierarchical results. 

One can actually generalize the idea of democratic uni- 
tary matrices by defining matrices of the form, 



a b c 
bad 
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The case with a = b = c = d ans with b = c = d 
are given in Eq|2]and Eq0] respectively. For other solu- 
tions, when one also would like to introduce non-trivial 
phases, the elements should not differ by large order of 



magnitudes since one indeed solves a system of equation 
without small or large numbers. This idea can be fur- 
ther generalized but I do not wish to get in detail here 
since this is not a full research article but rather a rapid 
communication. 

A TOY APPLICATION 

Let us consider a toy application. Take the ad-hoc 

1 /3 

CKM to be K d (this is within the idea of democratic 
unitary matrices) and the mass matrices to be just com- 
posed of l's. There is one caveat here. The eigenvalues 
of the mass matrix are {0,0,3} and one has to face the 
null space redundancy for choosing the diagonalization 
matrices. However we can still invoke democratic point 
of view and say that the zero mass states share the null- 
space in a "democratic" way that is they both take null 
space vectors rotated with 7r/4. The resulting CKM has 
the following form 



0.98 0.20 0.03 
0.20 0.98 0.10 
0.03 0.10 0.99 
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There was fine tuning of no parameters, yet the 
Cabibbo angle is well near the physical value and there 
is some hierarchy in the third columns. 



CONCLUSION 

The argument here is that there is always a basis in 
which the mass matrices will be near norm-democratic. 
The point however is that the basis with repect to which 
these mass matrices are realized may not be the weak 
eigenbasis. The democratic idea somewhat reduces the 
possible choices for mass matrices and the degrees of free- 
dom seem to have shifted to the choice of the ad-hoc 
CKM. However the idea of democracy is still present 
there because in the democratic basis the "physical" 
CKM will have its hierarchy smeared. I believe the demo- 
cratic basis defined in this way, makes the problem eas- 
ier in an interesting way. Since within the idea of there 
seems to be a finite amount of reasonnable choices for 
the ad-hoc CKM. 

I must apologize for having omitted references due to 
the rapid communication nature of this letter. 
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